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Effect of Heavy Metals Concentrations of Water Used for Preparing Medium
of Lentinula edodes and Grifola frondosa on Food Safety

TOMIKAWA Yasuyuki and SONOYAMA Masayuki *
7 =]

A %% (Lentinula edodes (Berk.) Pegler) &~ A %/ (Grifola frondosa (Dicks.) Gray) OD#if
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16 fFICHHB L 72K ZIRIML C, FREOKFESBREZ DN Lz, TOME, A2 e~A 27 FFEK
D Cd YREE, Hg IREE, FT7ov A Zr+EKD As JREX, HFEKOIREZ &< T 21X EHINT 2R 258
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A & fEE (BRASHARE, A6 600 5) &~ A &2 o fE
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K1 BXK, KEMBLOEHEM T OESBIRE (ng/kg, MERLTY)

A 1 RIT L & (=3 KR
aFTEBg (A X rRREER) 0.431 1. 470 0.044 0.0017
Za— AT 0. 104 0.235 0. 127 0.0011
BEHb AL * (A & T FBE ) 0.215 1. 000 0. 040 0. 0010
aFTBNR (v 2 i) 0. 030 0. 165 0.017 0.0023
T A= 0.123 0. 378 0. 003 0. 0010
AI=—T7 4 —F 0. 005 0. 022 0. 007 0. 0010
B EEA Y (A X ) 0. 062 0. 345 0.015 0.0015

BN =2 — S F=10: 1 (B

AR 7 A A RI=—T7 44— RF=10:0.7:0.3 (&)



2012) THEISNTWAHME (I KX ¥ A 1. 0mg/ks, § :
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EXWThoRBRX & GEMOREL bEholz, K
TEARERAE (0. 01mg/L) D 1~4 DK ZHM LIz BR K
IXEARZEORFEN 0. 186 mg/kg~0. 216 mg/kg E T L9
WAL 722, 8{%X1% 0.620 mg/ke, 16 f£X1X 0.697 mg/
ke b HE LML, TNENEHEED 3.3 f%, 3.4 %
Lipol,

A X REEOR e~ A B FHEIEOD RI U LR
EEK 2R Lz, HBHORBRETWTLORBRK &bt
RAKORELIZZEFRCMETH -T2, £, TEEORE
TWTNORBRX & B EMOBELY L Er-72, 1 %
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IR DOBREIZE LD o T, £, HEORE
W THRORBRK & LEHOBE LD KN -7, 1~4
REXITHEAED PSS 0.0009mg/ kg ~0. 0012mg/ ke O % JH
THER L7=7%, 8{%IX1% 0.0015 mg/ke, 16 fi31X1% 0. 0024
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61T Lz, Hiie TREREOBEIT 1ERE 2 FR A
HAOWEL Y <, 4~16 FFXITHEFKDOREICE
Lpdyode, £, 1~8{ERIXTREDRE L DR
FEMEIEFR CETH - 7228, 16 FE OB FEROPIE N
B o Tn, I~4 (EXIXEEDOEEN 0.0011 mg/ke~
0.0018 mg/ke DHPH THERS L7223, 8 f%X1% 0. 0026 mg/
kg &/ LN L, 16 f5X1% 0. 0074 mg/ke & % L < #9/0 L
THEHEED 1.6 5L o7,

NV EE

EO PRI HEE LRI OVWTITALEEDZ,
o ZICEbL TS (1984) 1% 21 #, JIIFS
(1986) (X 29 Ff, BH 5 (1991) 1T 16 A FRIZL T
HoET20 TR ERHFTrINTND, £, HEEE D
COMIMEE S LTI R TV, X I UEICET A

HHIS, 1993 ; Masuda et al. 2009 A ; Masuda et al.
2009 B ; SFUE 5, 2008) X°, fEEAHEMHE L SNDHHESE
B, BB XU TRICE L Ty A 2 7I2on TR
FARD (1977), KILH (1981), HMIS (1993), BIES
(1991), #RE; B (2009), ¥ A X 7 IZOWTIHNFHES
(1994), ZOft 4 FEIZSOWTIEFEARS (1977), #ix K
5 (1995), #EpES (1995) X > THrsiLTnd, =
NHOREIZL ST, ZL OEHTERLAMIZZDOZ
HOABRENOEA~NRVAEN, TEE~BIT - E
L, WEICK > UTFEERTREMICRMET 2 2 L2
HonizshTtng

LarL, bk Lt$¢®%<i%® DA BHIOH B
EMICEHEENDWE DR & TR L ORI
LNTEY, HEHERHME O BN RE SN flE R4S 7
B2V, ARBR TR —o L LT, EEEHIEN
EbREWVWKOEERBRELZABRSRE Lz (B,
2013) , BEHUEM ~IRINT2KDOH RI U A, 4, BFEB
FOKBOBEZEL THIC LN > THEEMOELR
BEIEL RAHEAERBOLDN, FEEOESBREZ
EOZOFREE L BB OIS X - THEINREICELR
Wiz, KO ESBIRELZE THIZ LI > T3
EORENHEM L IZOE A Z 7 TEI RIT LA, vHE
BIOKE, A FT7TEARITLEKRBRTHS T,

WX LT, A &7 EEO R E UK DR E
A LTOHELLiehotz, £, ~A X7 +E KD

EFRRETH LML, YA FrofRERE B
-7,

WML T2 KO EEBIEE LB L OTFEEOREER
BEOMBIIESBOFBEIC L > TR o7z, FRIY
D ABT, ~A4 27 L BRMORBE LD L TEED
RESHLNCELS, FEENTRMSLTERT S L
Exoh, UKL (1981), HEL (1993), JIHE
5 (1994) OWELRFETH o, TEETOIRID
LEMEIZOWT T T A Y (Hypsizygus marmoreus), )
A2 (Pholiota microspora), T/ %%/ (Flammulina
velutipes) 1Ifex K5 (1995) 2k ->T, v o7 %7
(Pleurotus ostreatus) 13115 (1994) 12 X » T#HiiE
ENTEY, O IEICBWTAEEEIENE LT VWE
ERLEZLND, £T-, BRIV AZHEMLIZAKDRE
ERBHIROES (VA % 7 CHIKEKREIED 1~4
fEX, A 273 1~2 5 X)) TIEFEROREITITIER
CIETHER L7227y, (KO e 2 likiE < L-54
ZFFERORE RN DM %2380 72, 8~16 fFX T
XA 27 TRIKOREIIERBED 3FLE, ~A %
TR 6FUERICET2HELHY, KO FI T
DIRENE VR TIEFEETORMEER S 225 L
235,

EFICOWTIE, BMLIZKDBRELZELS THEED
W e A B2 TRIEOREND LI DM L7z, it
AR DR BE DY LR G C b T EAR O BREE S BN
DHIRT, WRIVLOBRERp ST, BBERIISL
7eB 4 T EERORENERICHEMLTWD LI
RZDH, REBRCTITIEKOREMRE 2 DRFTL L
TV 5 D TEBEO T EAPREIIBHRR > TEB L
TEY, HRKOBEENMEVIE EFRERE DL K
XWVENZ D,

KREPIZHOWNTIE, HERUKDREN I ERWIE S (&
A B THEAKEKEED 1~4fFX, ~A4 Z i 1~2 1%
X) \CTEEROEREZIT/NE <, BEERZK OB EE S ik
MWK C T EIRORE DSBS 20 K v A
LR ChH T, 7, ~A X7 D 16 ERTIEFERERD
BENSEHORE LY @0, TEETORMGSHE
BINTZ, ZhooZ end, KIBOFEIIN FI T A
WCHERT 5 BB,

ERN TS E O ZHOBEERIBEIC OV TARMLSE



PEICBE T 2 BHEEITED HAL TR WA, EU T R Y
LIZOWNWTUA Z71E 0.2 mg/kgbh T, ~A4 %713 1.0
mg/keLL T, $RICOWTIZT A Z 728 0.3 mg/ke LA FITHA
il &, EFLFETIEII RITAIZOWTIA X7
0.5 mg/kelh F, A Z/r1% 0.2 mg/ke LT,
IEEOZEN 1.0meg/keLL T, B RIZHOWTIETE D ZFMN
0.5 mg/ke L FICHIHI STV 5D (EMOKES, 2017),
WT4E, Codex EE SR LT Ko TIEESAIC & G2 2L
DFEDED LN TNDLZ E2Bx D L, ENORKE: X
D ZHNTB N T bSO HAE & [ % K HEE BRI T
T Th D, ARBRTIIIENOSLUEL B X 5 IR D 720
ST, VA B FEEROT R I 0 AR T KGE K R
HeD 1 FXKIZEB VTR 0. 2mg/ke L T (BU HL#E) ©
HoltbDD, RIRIZE > UEENEZB X D2MEBIHH S
Nice ZTOZEnn, HHEMIZEINT5KO0 FI Y
LR T AGE KT RYELL TICT 20088 Y - 525, &
R 20 A OKGEAE BT 2010 4 ICHIE S, BUET
0.003mg/L LA FToH DA, FENMHAT 2 KOEHEL &
OBREIZT 2 PEEICHRFT & LB XD,

AT TSN 5K & T E KO ESL
BIREOBMREZ M L, RN b WL Dok
ABELNT, —2lk, HHEMOESBREDORET
HD, WML AKORELY LEHORERE L, T
WD TEEOREN S 22BN B LTz, T RIY
DZOWTIERMEIZ L 2B L EZ 5N D, DR
ELCHAM BOROBESE NGB LTV D 2 ENES
IZHEZR T & B, LA O B AR IR B S AR D o &
R D56, FEERORELEMTLEEX LN, #H
T2 KO FEME P TR EM O FIER F L MLETH S
Do ARERTIZBDE, REMICEEIN L EEBIREN
LED A= 2TV (ETW, 2003 ; f&)E, 2012)
DIFFHEYELLT OS5 CTHEME L7223y, & HIZFEM 766
FHEEEDDL ZEITAHOBETH D, ZDTDITILTF
WE 5 (2008), Masuda et al. (2009 A), Masuda et al
(2009 B) MFEhiE L7z & 912, KREEHELLI ORI E
TR OB E 2 L T RO & OBRE M
LMD D,

oL, EOZOEBFTARARICOVWTTHD, HEY
BN, PR DK SRR FE 2 K TE K B FEHE D 16 {512 L7z
X T O~ A Z TR OAREE BTN,

ERITDOUNT

Z O T O T FERE BTN E <, T EIROKE
WS LR D o 72, R BIXZ OFFRIT OV TKER
WL BAFREELERZLCOEER L (BB o6l M AARE
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L, A7 BIE LT, DRITVAIELDIAFZ LT A
IO TFEEERH (AL, 1977), FT_XUF Y —)L
k2 755 ORRAERE TEEB RS (EES,
1995) =2, —HTHU DL, HATTNIETHTDOHE
SRAER L TERERAEREST S ZERMEINTEY

(BA4, 1999 ; Masuda et al. 2009A), MERETHLILEY
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BNd 5,

RRBAER NS, A LEEERO I B FI U AT
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ATHTEREORENEMLLLT NI E 0D, ekl
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U Lo, 5T ak0oR2EHEL LTED D
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W TKEARERAELT ) ET200 @4 EEZ2D, T2
720, ARBUIEHA~IRINT 5 KIZOWTOHME L T
BY, 0O AR TITHOK, IR ST Lo TR+
FARANEEHEAMT 2K 0L B D700, KRBT EEKD
BB HERK N o 728050, ~ A X rfktsics i 5 ek
WCOWTHEERT A Z LT TER, Ihh, Hukzy
IZ R 28T, BIERBRIC K > THERR L7210,

Vv BiEE

RKRMEZ A X b~ A B OFEHN IR0 % A &
L, ZNEHELEARRKARIT 2R, FEEICHEHT 2
M UTARBEONREN R E O ZE NGB, Kk
Mg 2Rt L CIHE, SMOBEE LREZHER L THND
Tmo TNENOREM, WONTHRE D Z L PEIR LS ~ &
WMOBEERYT, IFEC, RRFEICOVWTIHHENZE
WIS PR TE N R R IR BR B O A kL o /A RESS IR, I
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Effect of Heavy Metals Concentrations of Water Used for Preparing Medium
of Lentinula edodes and Grifola frondosa on Food Safety

TOMIKAWA Yasuyuki and SONOYAMA Masayuki*

ABSTRACT

Shiitake (Lentinula edodes (Berk.) Pegler) and Maitake (Grifola frondosa (Dicks.) Gray) mushrooms were cultivated using
sawdust medium containing test water to which were Cd, Pb, As and Hg added at higher concentration than in drinking water
standard. The concentrations of the each heavy metal in test water were adjusted to be 1, 2, 4, 8 and 16 times higher than that of
drinking water standard and then the concentrations of each metal in the fruit bodies were analyzed. As a result, the
concentrations of Cd, Hg in the Shiitake and Maitake fruit bodies, and also As contained in Shiitake fruit bodies tended to be
higher with increase in the concentration of the each metal in test water. It was suggested that Cd were concentrated in fruit
bodies due to the concentrations of Cd in fruit bodies were higher than concentrations of medium. The concentrations of Cd and
Hg in Shiitake fruit bodies slightly changed only at test water of concentrations in 1-4 times as much as that of drinking water
standard, and yet remarkably increased at concentration of 8 and 16 times, and Maitake fruit bodies had also the similar tendency.
For that reason, the concentrations of Cd in Shiitake and Maitake fruit bodies reached to 3 and 6 times or more as much as
medium, respectively, at test water of Cd concentrations 8 or 16 times as much as drinking water standard. However, the
concentrations of As in Shiitake fruit bodies increased at a constant rate from test water of 1 times as much as that of drinking
water standard to 16 times, that transition differed from Cd and Hg. Based on these results, it was considered that the standard of
water used for cultivation of mushrooms should be examined that reference the such as international food safety standards about
concentrations of Cd in particular.

Keywords : shiitake mushroom, maitake mushroom, heavy metal concentration, drinking water standard, food safety



AR L AR 13 0 9~14, 2017
B

BRECTREINTZEDOZ (V)
—2013~2016 D HrH[F & -

B BT HE O EHET - B B2

Higher Fungi Collected in Shimane Prefecture (VI)

—New Native Species Identified from 2013 to 2016 —

MIYAZAKI Keiko, KOGA Misato™, and TOMIKAWA Yasuyuki

=

=
=

2013~2016 FIZ BARRN CRE S NI TEEZBE L, FHIC 24 EFRE Lz, 2055, BEFORE
RIS THEE L Wi 1 A U RLTY X T U X (Cortinarius subalboviolaceus) & FTE L
Too Filz, 7T X TBEIL 2013 4 X0 BNCEEE L7 TR S 50 CHrBER & & DNA i L7-#E R, #iHl 4
FEDN a2 R LTz, 245 28 25 H 13FF 17 )8) 1T HHFEHE L U CHRETSRICBE L, —F,
IHE CHEETSICHEFE L Wi e X F T X (Armillaria sp.) FEEELLBRANLTZ, 2LV,
AKEFETEEOS LREAZ/HELZZO X676 F (823 H 91 F269 &) &£72 0, B4 TRigklL T
L4 fEEEDED ERNBARITDRS L T20/EEZ LN,

XF—U—F: XD, [AE, DNAMRHT, ARG, REERY

I [EL®IC

By ¥ —CEHARRICAETDEOZORAEEELH
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D2 EEHARL ) =y g VIREIRCHARE B R LB X
BT HEDITHASETHY, MARRILTE 272034
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WHOWTHEER, BEGTHH O RGAICHRAXTS
& L7z (14 HHT, 5 10~940m),

2013 4F 10 A LA BRAARAR I BT CRRME S 47z & o =
BB L, HFMEED 10 A BA~FI 2 28 (RiTH
SRENT, EFTZJIRAT) THESR & O ZBES,
FFOENCEINL THOSME (26~384) & & bITFHE
RAEBRAE LTz, SRFEIT OO 1 SRR BRI 34 /& 550~700m
D FEHETRHERBIAR, SRERTIIHE S 100~ 170m O & kS HE S
R, = J1EETIIAEE 150~300m O F FRABERAR TH - 7=,
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L, TNENT I~V MR LTV,
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i, FERESEHENT O BR RS EE S R AR R &
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(AR, 1994 ; A48, 2001 ; W, 2013 ; 5B - A48,
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Hygrophoraceae X A1) /74 %l
THY~Z TR

1. Hygrocybe acutoconica

T, kAR

Hygrocybe
FHIYEFIZ7, 9 k9

Lyophy| laceae < 4 OFl
Tephrocybe Y7/ v A V)R
2. Tephrocybe anthracophila /7 / ' * ¥, 10 F, i
IR
Tricholomataceae < 4 UF
Tricholoma F I X V)&

3. Tricholoma virgatum FXI LAY, 10 £, 7H~=
®, BES
Physalacriaceae %A </\1) &4 Fl
Armillaria F 7 ¥ 7 &
swalr 745, 9T, 10 EF,
10 1, 10 F, FRkEAR, IR, Ak

4. Armillaria cepistipes

URFFZ 2,10 b, 10 B, mREAsR,
TEIERIAR, AR

5. A. gallica

6. A. nabsnona YF T X/, 10 £, 10/, ERERAR
7. A sp. ¥V TFTHE, 0%, 10 F, 11k, &k
FIAR, PRZERIAR
Mycenaceae 4 XX 4 4l
Mycena 7 XXX 7@
8. Mycenasp. 7V /iwvzatrh7V, 7k, BEHE/MK

AN NRA X TR
vte— Rz /%% 57, 9°F

Xeromphalina
9. Xeromphalina tenuipes

Pluteaceae S R=ZHHF
TR g

Volvariella

X*XAAT IS, 6T

10. Volvariella bombycina

Agaricaceae /NS AT H
Fx XA TR

NEGF R HA AT, 8 F,

Cyathus

11. Cyathus stercoreus

TIERIAR

S UET R

12. Calvatia boninensis

Calvatia

X2, 8F

Cortinariaceae >4 7 #
Cortinarius 7Vt 7 7 )&
13. Cortinarius nigrosquamosus F =70 %7, 6 I,
HBERTAR

14. C. praestans ALV AF 70w X, 9T, EIEM

H

TALTYFT OB Kb
m, 5, 6.k, 7.k, IR

15. C. subalboviolaceus

16. C.spp =®LTYXRTTITUAY, 9H, EIERMK
SHLT7IATFH
RHVTIA TR
SHXVTIATF, 6°F

Boletinel laceae
Boletinellus
17. Boletinellus merulioides

Boletaceae 4 4 FFl
Tylopilus = A 7 FJ&
18. Tylopilus alkalixanthus T AX=HA 7F, 9F, T
B~ - aF TRk
19. T. otsuensis

avFxy=HA7F, 10 L, 104, &%
BB, 7A=Y - aF I, BlEgks

Y~ KNI Z 7@
ARG~ V&7, 9k, TH

Boletus

20. Boletus hiratsukae

<Y s aF Tk

21. B.sp. vuav~RU X7, 10 b, EHEHK, B2
AN
=y



Russulaceae ~N=—4 4 Fl
Russula X=% 7§

22. Russula aeruginea 7 %A a N>, 7k, EIERIK
23. R.albonigra w7 v, 10 b, EEEAK, Bl
N
ey
24. R. castanopsidis 71 L3N 10 B, HERREIAR, B
B
25. R.earlei Y3\, TH
Polyporaceae 2 <Fa LA 245%
Pycnoporus > = X 7 )@

26. Pycnoporus cinnabarinus > =2 %7, 8 F
Fomitopsidaceae W AHHIL/ AL hHH
VAN AT

suay ) avanr,

Fomitopsis
11 F,

27. Fomitopsis castanea

TR IERIAR

TUT) AVAAHE

Trichoglossum 7 2 ) AL J7A &

28. Trichoglossum hirsutum 7 27 ) A 74, 8 F,
TIER AR

Geoglossaceae

NV ER
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LA, WP 2015 £ L 2016 4R 7 H LAI~8 A FA)
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TR 7V BSOS H B384 Uiz m23 i (2013)
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T LEAXM ENS BREL, IO IXEEER RICAR
TL5FT 7 X7 BEHEICOVWTIHRRTZER)IS (2013) O#H
H LRk TH T,

T T & B O T ERITEEREE S E L (IR -

B, 2014) , TR EFIH LB RIE S ARBRHOMRE
WA CTh D, EEREAYZTMT 2B, TER%
ANLE 7 E O RA TS ERY, KBS U CELH
FAELFMTRELEZXD, ZNOLOFMELZBLT, £#
ETREERBOD N T T 2, BRETREN DRI L
TeXe X F T8, EIMERD H AR TIERFEED
6 fizFHA L (Ota et al., 2011), AJEEODAi %W 5
MZ L2,

AWM THHEEELE LIz ) /vaeatbh7 ), =k4
THYXTT T AY (No.16) BBy mry~ RY &7
(No. 21) &, BEFFBOR N EER LT 4T T X7
%, il (2013) IZR o TR E ENTWD 2O 5% D
SYEEMIRRE A oA, Fn, TR E TR CTRE
S, W84 TRiER LTV D 44 FRIZ-OW T, DNA TFHIC
ESREFRIER EEBE Lz,
AKRTERESH, ALY TRHLEOIIARREDH 1
Wictelk L7z 6178 (E)11 - Z54%, 2009), 55 3 W~1EK
L7 > HLEFHRICRO T 2/ (B - I, 2012), 5
4 WTHBICH L 30 fE (HIR - B, 2013), A
THHICHERK L= 28FTHY, chhrbx eI 427
ZRRAALC, 823 H 91 FL 269 B 676 fli L e oTz, F
72, REAIEDT-OELE E L TWD MMFiEEbds L, K
B3 b e L 20 A HA LTS LB X LT,

vV  BiEE
AREEERT BICHY, —HBOTERERELT
X, SHICEBOBEFIECOVTIHELRTH N —
RRMHEE A B A X O 2 % —H SRR O BiEx K
CBILEHR L LTS, £72, AWETIEEOBES
BRI EAREO—BE UTHE SN TEK B
L L, FEERESTT & REIC LIRS A R
LTIV, 0BT ERE S BIRREES
B2, BEEHFIEBIEA b Y SV L 0% il
WIS, 3 O B R YR ST 3548 6 S D BOM B & R D
SEICRHOBEET,

51 FSTHK

Antonin, V., TomSovsky, M., Sedlak, P., Majek, T.,
Jankovsky, L. (2009) Morphological and molecular

characterization of the Armillaria cepistipes —



A gallica complex in the Czech Republic and

Slovakia. Mycological Progress 8 : 259-271.

CABI Bioscience, CBS and Landcare Reseach. (downloaded
on 2017. 2) Index Fungorum (CABI Bioscience database)
http : //www. indexfungorum. org/

Hasegawa, E., Ota, Y., Hattori, T. and Kikuchi, T.
(2010) Sequence—based identification of Japanese
Armillaria species using the elongation factor-1
alpha gene. Mycologia 102 : 898-910.

RN KB 7 RS ) - ekl A - 92 42 (2013)
AAOS IR LICERT 272 BE. FHEE
62 : 4-12.

AIUHE (1982) HABERMI X LT I A4 7 FITHONT.
IR #] 20 : 100-103.

AHRUHE (1994) 1LWET 4 — NV R7 v 7 2 10 SO Z.
Hi & PRt

ARERME (2001) 77 —fRE O 2. RONH=.

MERE (2013) FHARALED & O Z X, BRSO,

BN - AP YrE (1987) IR B AT EEME ().

RE 4.
ABENHL - ARIRUHE (1989) JR €4 H AT EEXE ().
B
BN - REELE - AU (1988) HADEDZ.
&R,
BN - KRB EHE - ARURRKE (2011) HIHHRTHT R B
Aoz, [bEEpstt
A (2010) HAEREER. HAR Y2 BIHREEH.

HEEDES - EIRET - BILKE - BIEEZ (2016) R
REBTHRESNLLEDOZ (V) =T T2 T RERDS)
TR — . AR R AR 12 ¢ 9-13.

AT ZOKRER (2004) B¥E. (BETLERL Y RT—2 7y
7. EARRER T A TR S B B ARER, Boktt) 1 373-377.

Maphosa, L., Wingfield, B. D., Coetzee, M. P. A.,
Mwenje, E. and Wingfield, M. J. (2006) Phylogenetic

relationships among Armi/laria species inferred

frompartial elongation factor 1-alpha DNA sequence
data. Australasian Plant Pathology 35 : 513-520.

HIRE T - B)IHEZ (2012) BREFETHRESLZEDOZ
() —x0ZBRETORELE—. BIRTILFE
TfF# 8 : 105-112.

HIEET - B)IFEZ (2013) BRFETHRES LSO Z
(IV) —2009~2012 “E O A RLE% —. BARHILIE B
9 :1256-129.

HIRFEA - F)IEEZ (2014) EAR R (L HUSATF 98 & o
H—IZ kD EDZHEFE—2003~2012 HFEOFHKRFLHE—.
S AR T L] BF R 10 ¢ 87-92.

Nagasawa, E. (2001) Taxonomic studies of Japanese

boletes (1) The genera Boletinellus, Gyrodon and

Gyroporus. Rep. Tottori Mycol. Inst. 39 : 1-27.

RS (2003) AARDFREE O . EEHFA.

Ota, Y., Kim, M. -S., Neda, H., Klopfenstein, N. B. and
Hasegawa, E. (2011) The phylogenetic position
of an Armillaria species from Amami-Oshima, a
subtropical island of Japan, based on elongation
factor and ITS sequences. Mycoscience 52 : 53-58.

% (2003) il (HHEEM) THRELZZF/ =20 IR
Joi AP TR 28 1 26-29.

BENLER - 5 EEME (1996) SROBEHNTEHE o Z X,
HIER L.

BIFEZ - HiEF (2012) BRBETHRES LSO Z
(II) ——hEUrFRECLDFTERR ol
RICHESERH —. BIRTPIUFE R 8 1 99-104.

EIIHEZ - TR T (2009) BIRECHREShIZEDZ
(I) —aFIHRToORELS LORNERELE —. &
MR A 5 @ 123-148.

FREE - /NBPRE - FEHFRZED - BRAFSEZ - R EME -
RS - JIATRIMAS (2000) 1999 4EJE A AR #2H
PR TR A . AR 41 1 49-57.

HWIARBA - ZhERE (1960) PESLGEEARE MR (1).
AR R TR 8A © 178-185.



BRI AR 13 0 15~20, 2017
EHR

7V LRKOEHEREG ERRER

B HEZ - R FaET

- IR

CfEE T

Relationship between Cultivation Conditions and the Growth of Root Systems

on the Cutting Method of Lindera umbellata

TOMIKAWA Yasuyuki, KOBAYASHI Yoshiyuki
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1 HH 22 7 [l BT (D 40 1,100 9.1 16.3 57.3 43.8
2 HEHR 1 @ 40 1, 500 9.6 16.5 60.7 47.9
3 HER 7 @ 40 1,100  10.3 15. 4 69.5 38.9
4 HEH 7 @ 40 1,000 9.0 13.9 66. 2 49.1
5 TLHEE T BARETD 9 7, 700 4.7 5.7 86. 8 64. 0
6 ARE:3y s A 10 4, 500 4.5 6.3 75.7 65. 4
7 wEs 1 © 9 7,300 4.3 5.0 91.2 69.8
8 JARE ARECIE IS ALIC) 18 1,700 6.5 10.5 65.5 72.3
9 FAR= 31 AN ) 18 1,200 7.0 11.0 68.8 70.8
10 wEd o ® 7 8, 725 3.4 4.3 82.5 91. 4
11 wHEd o @ 7 9, 804 3.6 4.4 90. 4 92.8
12 TEd 1 ® 6 9, 600 2.5 3.1 83.5 90.8
13 THH 1 © 6 11, 200 2.6 2.9 94.7 87.9
14 T ) ET D 18 3,100 7.2 7.2 110.9 43.0
15 wEd o @ 18(10)* 3, 800 5.5 6.1 97.7 53.8
16 5 [ i RETO 12 6, 300 4.5 4.2 120.5 44.8
17 =t ) 12 11, 000 3.9 3.7 121.3 47.9
18 4 F R ZEET O 10 2, 500 5.0 8.0 63.2 66. 7
19 wEt o @ 14 2, 800 6.4 10.0 70.3 63.9
20 A T ) 12 3, 000 5.9 8.0 75.8 64. 1
21 wHf o @ 12 3, 600 5.3 7.8 70. 1 68.5
22 £ FH 7 A1 S BT 10 3, 400 3.7 5.0 81.8 76.0
23 Xm0 @ 10 6, 000 3.6 5.0 84.3 73.8
24 2 FH i e T O 14 2,300 4.2 7.2 69. 8 86. 8
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26 wH o ® 29 2, 000 9.6 13.8 73.8 46.6
27 wHm o @ 29 2, 700 9.4 13.7 72. 4 48.9
28 Ay I A G) 7 6, 700 2.5 2.6 101. 1 80. 5
29 & [ i = HETO 20 10, 300 6.5 5.0 142.3 40.5
30 wHf o @ 20 4, 000 7.8 6.4 131.8 38.8
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